Introduction. In Part I of this paper
we demonstrated the existence of steady travelling wave solutions to the simplified model equations governing porous medium combustion derived in [6] . These solutions represent the steady propagation of a combustion zone through combustible solid material. Having constructed these solutions, a natural question of both mathematical interest and physical importance is the one of whether or not these waves are stable. A related matter of interest is the time-dependent behaviour of the governing equations in the region of parameter space where steady solutions do not exist.
The stability of travelling wave solutions to reaction-diffusion equations modelling a form of solid fuel combustion has been examined by Matkowsky and Sivashinsky [5] . Their stability analysis shows how the plane combustion wave loses stability by means of a supercritical Hopf bifurcation as a parameter, proportional to the nondimensional activation energy, is increased. Thus the existence of a stable periodic travelling wave is demonstrated.
In this paper we analyse the stability of the travelling waves found in [7] . The parameters of importance in determining the stability of the travelling waves are the inlet gas velocity and the specific heat of the combustible solid. Thus, while the magnitude of the activation energy is crucial in enabling us to simplify the nonlinear partial differential equations governing porous medium combustion [6] , its role in determining the stability of the travelling combustion waves is a passive one. We demonstrate that travelling combustion waves that possess a reaction rate whose switching mechanism is entirely temperature dependent (a (U, U) switch; see [7] ) are always unstable. Travelling combustion waves with a reaction rate whose switching mechanism is determined by exhaustion of solid reactant (a (Q, U) switch; see [7] ) are, however, shown to be stable in certain parameter regimes. Thus we show that increasing either the inlet gas velocity or the solid specific heat has a destabilising effect on the plane combustion wave and that the instability is associated with the transition between the two distinct forms of travelling wave solution ((U, U) and (Q, U)) defined in [7] . We also prove that for large enough values of the solid specific heat, combustion cannot be sustained in any form and that the ultimate state of the system is the ambient one of no burning, regardless of the initial conditions. We restrict our attention to the purely one-dimensional model of porous medium combustion, derived in [6] . In practice two-dimensional effects are often important. Nonetheless, the computational results described in [2] , [3] suggest that there is a genuine one-dimensional instability of the plane wave and it is this which we analyse.
In ?? 2 and 3 we derive the eigenvalue problems (EVP1 and EVP2) which govern the linear stability of the steady travelling waves for the cases of the (U, U) and (Q, U) switches (defined in [7] ) respectively. In ?? 4 and 5 we solve EVP1 and EVP2 in the parameter regime (A -Ak) and u ->0 . We choose a scaling of the length of the burning zone such that we capture the change from a (U, U) to a (Q, U) switch (that is L = O(u11/2) as A-> 0). Finally, in ? 6, we perform a global analysis of the timedependent equations for A > Ak, where no steady travelling combustion waves exist.
2. Normal modes analysis-The (U, U) switch case. In this section we derive the eigenvalue problem that governs the (linear) stability of the travelling waves for the case of the (U, U) switch. The time-dependent equations governing porous medium combustion form a moving boundary problem, and it is the difference in the moving boundary conditions for the cases of the (U, U) and the (Q, U) switches that necessitates their separate treatment. For ease of presentation we display the full time-dependent equations derived in [6] . As in [7] we analyse oxygen-rich environments and thus set a =0. The equations are The simple form of the reaction rate r (compare with (1.5) in [7] ) is chosen because we are analysing the stability of a (U, U) switch solution, and we consider only small time-dependent perturbations of this solution which keep us within this regime. To perform the stability analysis, we recast the time-dependent equations in a frame fixed with respect to the travelling wave (as in [1] ). Thus we make the transformation of independent variables x = z -ct and t = t to (2. This condition is derived by assuming that no reaction has taken place at x = +oo since the combustion wave is propagating from left to right. We define Q, W and U to be the steady solutions of (2. We also require that all solutions are bounded at x= oo. We have interpreted the derivative of the Heaviside step function as a Dirac delta function in the sense of generalised functions [4] . In effect this allows for the perturbation of the free boundary and yields results identical to those obtained by employing the (more generally applicable) linearisation techniques, which we will use for the case of the (Q, U) switch in the next section.
We now derive the jump conditions which the delta functions impose by integrating (2.9) and (2.11) across the points x =0 and x = 1. We obtain ( [8] . As such it corresponds to the phase shifts which inevitably occur when a stable travelling wave is perturbed. Since phase shifts do not affect the basic physical properties of the wave, we analyse stability modulo phase-shifts and ignore the zero eigenvalue. In general we cannot say whether or not the spectrum of EVP1 will be discrete since the governing differential equations are posed on the infinite domain. 
We introduce perturbations to the positions of the free boundaries to obtain q(s1(t),t)= rc and u(L+S2(t),t)=cu
where, without loss of generality, we assume that -c <s1 <0< L< L+ s2 < x.
We examine the governing equations in the small regions s, < x < 0 and L < x < L + S2 and derive appropriate jump conditions which represent these small perturbations to the free boundaries. After linearising, there are five zones to consider. We list the five regions and the governing equations within them.
-o < x < s, and L + S2 < x <oCD. In these regions the governing equations are 
2) q'(s1)-q(0) -A J/ 2f( W(O)) e P Sl(t).
Similarly we obtain The free boundary conditions (3.1) are now linearised. In the neighbourhood of x =L we have U(L)=uc and u(L+s2(t),t)=uc.
Thus, from the form of the perturbation to U(x, t), we obtain U(L+s2(t))+ ecPt0(L+s2(t)) = uc.
Linearising this gives us
In the neighbourhood of x = 0 we have
Q(O)= rc and q(sl(t), t) =-rc.
Thus, from the definition of q(x, t), we obtain Q(sl(t)) + ecPti(si(t)) = Tc. However, Q(s1(t)) = Tc, since s1 < 0 and since Q is constant outside the burning zone. Thus we have (3.7) (s51) = ?.
Since s1 and s2 are assumed small we redefine x = s1 to be x = 0 and x = L+ s2 to be x = L+. Combining (3.2) and (3.3) we eliminate s1 to obtain the condition Notice that (3.9) and (3.10) are identical to those derived in the previous section, namely (2.15) and (2.17). This is to be expected since the moving boundary condition is the same at x = L for both the cases of the (U, U) switch and the (Q, U) switch. However, at x = 0 the moving boundary condition is different, and thus, for the (Q, U) switch (2.14) is replaced by (3.7).
We now have a second eigenvalue problem for p which we denote by EVP2. We have, for -oo<x<O and L<x<oo, We also require that all components of the solution are bounded at infinity. As for EVP1, the sign of Re (p) determines the stability of the steady travelling combustion wave. A similar argument also shows that p 0 is an eigenvalue of EVP2 and again this is a reflection of the fact that it is necessary to examine stability modulo phase-shifts. (4.9), (4.10), (4.15) and (4.17)-(4.20) give, respectively, nine unknowns A, Al, A3, B, D, E, F, G and  H. However, by use of (4.26) and (4.28), respectively, it can be shown that (4.32) 
J2[EL1 + F] -JI[ GLI + H +p1(LI)E +p2(LI)B -P3(L)F]. Thus we have ten equations in the

at_
Since a is necessarily a positive function, we deduce that 1 . 0 must tend to a limiting value as t -oo. Furthermore, unless u and w are both constant, strict inequality holds. Thus, since the only admissible constant value for u is zero, the result follows.
